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RADIO COMMUNICATION APPARATUS 

(57)Abstract: 

PROBLEM TO BE SOLVED: To compress the amount of 
information to be fed back from a receiver side to a 
transmitter side, when SVD-MIMO transmission is 
performed. 

SOLUTION: In SVD-MIMO system communication using 
singular value decomposition, a reference symbol is 
transmitted from the receiver side to the transmitter 
side, in place of feeding V back acquired by singular 
value decomposition of a channel information matrix 
acquired on the receiver side, a channel information 
matrix is acquired on the transmitter side, and singular 
value decomposition is performed on the transmitter 
side too. When the transmitting vector V necessary 
when transmission is performed is formed, inequality 
between a forward channel matrix and a backward 
channel matrix is corrected by correcting errors of 
transmitting and receiving analog elements on the 
transmitter side and on the receiver side. 
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^T*+yt;n, §«r>7^-^a*#^fT5>jz R **i6§o <i<d z i*-$-x.rc'&icm.t) m 

[ 0 0 7 0 ] 

QmV, 7>fttlOfff§^^^t;Pt5. M 2 ©§«7 5^ « » # iSt fx ?IJ 

»ftig|52 5 1? fi , e:o**>'fe;P*nfcS£fllfi^K:»*S-ra3a6«r>T > -^*SPII§JLT#tf 50 
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Z e r o-f o r c i ng^jgfflLT-tfnffcL, §fl 7 > <r i~ M & Wi ?t M Z E ' fcfffr* 
2 3 -em^lZftZ; 5 o CtD2 @ § © ft § "F (4 , ISllClf L fc3MfIfl^#l& 9 fifcfrtlTl^ 

i^tis. jwpsu igftf^oiDiLiL.t:!), ^«fb^ n ft -r ^ t © si « « -s§ jii ^ « # 

L T V» < o 
[ 0 0 7 1 ] 

#»l»®JIl©£SSJ£»T?«» SEAS 1 OfffMS NSSi, Xtt Z e r o-f o r c i 
tloaSI^inS: <f V^ot, ^fl S N it Oit^rfi: ^F#2 5 ttiiS* £ % o T § 10 



<5 o 



8116. XtiZ e r o-f o r c i n glK, & S V> « £1 n £ O^lOffi^^tC J: f) , m 
iT^ftl^SStfrJiJZ^ftgLT^So cl ft fc *f L , B2fciR-rH£iiJBtRT*«, 

gii#8?gp 1 5«, ^-^^-M^^igt^^fes^igfc lt s v d (#n^ji) *m 

[ 0 0 7 5 ] 

V©l*tt^Tlf.tlfc H/-n>^g^t^LT Z e r o - f o r c i n gSISE*3g 

m t ft if , i o fii <d m m st n n it & w tc u H t & § . LfcAst, ^ « « 1 o 30 

MTSVD©M*A^fF^^4atl{f, § « « 1 0 IE u"^fiiL§ il i: < S VD-M I M 

o fcm&mm t & t> , smm 1 o»cfev»r»ji«ff5U^»*ff* 5 eta 

[ 0 0 7 6 ] 

ftlgffiffi 2 2fli, T > ^ « fc Zero-forcing SUBE: ^^igfflLT-t?n 

[ 0 0 7 7 ] 

?U » Hi BP 2 5T*«, ilO*tyt;^nS:lfif(LS{St51fl7yft%iiLTS 
Z e r o-f o r c i n g^JgfflLT-tfofbL-, 5?«7 , >"r-^«*ff»ff5«u" , *#tf- 

$2 3ftf £3W±, fg 1 CD^mT > -f" * » » ff M Ji tfJSP 2 2 T? U H ^ 

^'ifttcA t) tusns^sii^^s 2 #b o&mikm^ x 2 %it&3fc t> ta-r c t -e 

t5. 50 



[ 0 0 7 2 ] 



[ 0 0 7 3 ] 



[ 0 0 7 4 ] 



20 
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[0 0 7 8] 

a^&So m asc & e. (f , ^ra^eBMSScttpErjitt^^ d so t o©, ^ ;p ti ?b ff m h 

i o m *) on&mm (eint) ^momm cmmmm t, s««s 2 o 
onmmm ce^wm) T-«i?n, ^tt ioid ©eBM^^^ffiii 2ohdo 

£ )t H ^ fc: (4 , *ti*ti R F StSlSffl © r -r u ym&K * 3 fc? s o# d , T v ~f v ~y 

[ 0 0 7 9] 

mmmfr z&mm<DXfa-?mm-$ nrc?- * *;itemmm.icte, writ ofe^^Koei 
etsejtwgc&tf shim© r f r -t-u ^^mm<Dit ^-o^^^ ^ri^mm&mmm.a 1 ^ 

[0 0 8 0 ] 

i-nfr$k%t.fi m v * ? -f - h ^ y * -r § »-&k « c © ^ ri & & & ® £ a* £ * v. en 20 

£ ft 3 o 

[ 0 0 8 1 3 

I7>ft^5 if gcsiryft'sofiiitr'fcf), Ta£ (8) fi^ns. 

[ 0 0 8 2 ] 
[» 7 ] 

30 



[0 0 8 3 ] 

fflSh.j'STS (9) Ti?n«. 40 
[ 0 0 8 4 ] 

im. s ] 



50 
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[ 0 0 8 5 ] 

ic& DiTS4oT^5 0 c©fc4&. mmmw<D j sacTyfttfiiio i sa© 

LfctfoT, ^ ft © 75" fa © *;H* ^fr^iJ H t =9- * «ff H ' ti %f& 

i*ofcfcO(C%5. 3MM«ffi!lT?, H'^tlMgLT, H' = U*D' V"%»5-J, 
WVtiDlftft^LTSil, SASH? U H fc: «fc D «*#tt LT9f LT , 

tc ffi iz: * ± S (i f# § c £ -p ^ & ^ „ 

[ 0 0 8 6 ] 10 
[ 0 0 8 7 ] 

^t^WX©*!^, il ft ifc B# fffl fc: — HilfiE^fT^^^cfcv^c fc^Si^TBaetit^S 

20 

[ 0 0 8 8 ] 

01 x. & ft & n tc 1 mornst-?** v fu-^ 3 >*n **v7is-is 

[ 0 0 8 9 ] 

v T * IE * ff Tfr f ©'J7ruyx • <>y$;^)iit5o £ fc, liift^tt 

(s£ (9) £#j!i©cli;) , *©*IE«©£iiHftfr5*j£Sft3^-**/PW«fT5«l 30 
[ 0 0 9 0 ] 

#fc, U — -> 3 > © 7a fc O ^ T IS "T 3 » +t'J7l/-->3>'!is iMfitiM 

[ 0 0 9 1 ] 

[ 0 0 9 2 ] 

T^"ri-# 1 tea. 3M#MOT'^-n^|ai^T x 1 tgfffl ©T a ^ UBS R x 1 (^f 

*lt> Ha* LftvO tflLTV^. C0Txi:Rx07t0^lslSi?)ttttfI4o 40 

TV 5 C i: fC «fc K> > *t'J7P->'3>A^ltS5, 
[ 0 0 9 3 ] 

* U 7 U — v' 3 :v fr & 5 l^OSSiLT^ SSt07>rtSt©5 ^ 1 0©7> 
^ :Mc M ^ 5 7 :f n ^ ill K © ffi n fc: # :/ ^ - IE S fife © T yf ttlt 5§f 7 

[ 0 0 9 4 ] 

?Lt, y ^ 15:1 Wft£iK#-f §o m 5 fc^-T £ 5 iC, M©/V-:7°/W 

BBi![^^i&5fcfe©*7 p ^-^3lfiT^n^tlIi^©tlin{cfflitLT^3<o 
[ 0 0 9 5 ] 

f l/t, lOOiMff R F@JS^lffcLT, #|HlgS©RF|HlgS©eMlfl^©J±**4i) 50 
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<£> = 7>fti?# Hi:It5RF|ilS§l¥tt§J:, B 4 Ewt 71/ — 7* * 9 & It 

[ 0 0 9 6 ] 
9 ] 



10 

[ 0 0 9 7 ] 
[ 0 0 9 8 ] 

imi 01 



20 



[ 0 0 9 9 ] 

[ 0 1 0 0] 
IWL 1 1 ] 

c _ T l exp(jju l )R i exp(j0 i ) (12) 
i? x exp(y 0, expC//** ) 



30 



[0101] 

SgS07yfti?^2*, SfcSorvy^-jR^fc 2 6 ft S 2 X 2*gj£fiDM I 
MOiiS'Xf AtiJ^T, SiHfllOtt 'jri/-J/3y*ft*C T (i) ( i ti 7 > 

[0 1 0 2] 

2fcV»"fr» S6g«7^n^@»oeaH*fSttORII««iE-r«fe«>0*-* U 40 

[0 1 0 3] 

X f y 7 0 : 

lilf j S@©7>ft(cov^TO+t 'J7l/-^3>itC T (j) *mn?%>h 

[0 1 0 4] 

3£ ;l/ 3: B# # W 1? 3H1 "f £ 0 COO F DM'>y^;Ki, BPSK (Binary Phas 50 
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e Shift Keying) ffI?nT^5. 
[0 1 0 5 3 

X t y / 2 : 

temmmh i} *9tw?z> 0 m 2 ic^tmr^t. mmmoy >^-r 2#a»& 2 mat en* u 

■?t5. o£t>, 2 x 2©M I MOfilOi^Cfi, 2 x 2 <D =$- -V * ;l> 'If IB fx 511 H ^ ft £ 
CO 1 0 6] 

Xfy^3 : 10 
SitSti, tBfr 81 H *ftH«#«l L , H = UDV^#I„ fits 

tO 1 0 7] 

Xry^4 : 

D M > # /V * Bf # »| T? 3* f & o CO0FDM'>>tOl/B, B P S KttiJtltl^ 

o fit, r o a* s^fif § u ^ r i^>x«^(±. ^t'J7i/-i/3y«tcR (o 

) t?*SiEL, 7>f t i fr&lit^'^ri/yxi^a, * * y ^ u - %/ a c r 

(1) T?fiiiE-r§o * + 'J 7 Is— is a >^f&tt, S*eiHg[(Df t*«iLTV>5 0t% 20 

SI««#K:»^J¥t-« c »c J: D»iE^5feT"rSo CR (i) 3e flB T 4^ V "7 Is— 5/ a 
vMjE^fr* 3 C t K * 5 , ±5$ (9) fc* LfcMWRfr 6, §iiIOli7tny 
R F g|Hc & § 5 O # © % 3 C £ # T # 3 o 

CO 1 0 8] 

•^^oe^MtSChjj'^tf-SE-r^c C C T? ^ 7>f t01?SiLfc'J 7/i/yxit a, 
^fJ/U-^Hy^liCT (0) "Z? ffilE L n 7yrtlf§f Lfe'J77l/yX|ftt 
, ^f'J7y-J/3>§tCT (1) «iE-r5 0 CT (j) 4ffl^T + t!iri/-fHV 
ffiJEttnfr 5 c i: fc «fc D . ±5£ (9) CSLfefiIR*fr6, lii«0§i7 t n 30 

[0 1 0 9] 

Xf'^6 : 

a&ftttfct* ^ftLfc^ *;PfJ5!J H ' H * = U' D * V ' H 3£ ft 0 ?Lt 

zmmr y^-rm^m^n n v *ft« a^tts, 

[01 10] 

^r, SUIT ^x^-M^^Scff #J V CDS-M'** h*w,. w 2 i?M*#ltL> §7>ft 



Tfe< 0 f LT, S VD-M I MO%fi%5t^i:, § fell T? ffl 5 fg ^ ffl <D M it , M 

k fe Cftitiii^SiL, « 6 K « « #B T? © * U ^ Is— is a 
M IE L ^ * * ;V 'If IB fr 5U * ffl T * 26 § „ 50 




[01 1 1 ] 




(19) 
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[0112] 
[0 1 13] 

^-vy^u — s'a^fcRtf, tss (i 3) kt&t & 5 ic & & r > r- -r^mw 

CLf;fitLTtiSnT^5/'c6, fftft fit t? tt ft < , It ft * © T > T" * ? M O ffl J* 65 
ft * U :/ !✓ — 2/ a > , «ftfcft^-CV3A'>&T?&So 

[0114] 

[112] 

c _ T x expjjju^R; expQfl,) (13) 
R t cxp(J0 1 )T t expO//, ) 



[0115] 

tryftio^t^u— >a y»fttf£lsnT^4. c*u±, 7>ft i ©lie 

— a ^fiffi^fl&ft^-v U ^ P — 5/a V # it L > ccDfifcfWft^-v U 7" U — 3 > £: ffi 
[0116] 

S VD-M I MO^aCfeitSIflOISitLTf ^fcf ^, ^fttf. tifllSIT 

^tfeinica, £<iHU«ftv. fira«:6Hr, **ftss«r ^x^M^^ftff ai v 3M 

V = Vt:t5i:ttiIfttf4< 1 v ' © =g- ^ ^ h;HDS*^Wi6t5 VO§^» h;Vot 
[ja^^iJffMT'$50-!?> ^ © # ^ h ;l/ O y ;U A (i 1^ — 

[0117] 

[it if] 

«±> ft 5£ <£> H Sfij£ <i £ # b§ L ft ^ 5 , *fil:o^TS»LTtfc. LfrL4*6, 

#fiFii*o«H©**#i9 > r^#-if*s. 
[ 0 ® ® fas * ft m m 1 

[0118] 

[01] us, *¥£m<D~nMmmicmz>M i Mossii->xrA©i^^is»E 

i 1/ fe 0 "P I o 

[02] B2li, *»WO*awoflfio*fllJgt8K:**M I MO*Safll^^7 s -AO«lj« 
# ^IS S^c ^ L fc 0 ;& £ „ 

[03] H3(i v r y?v > ^ £ ^ ^ > y z/tiz&ifz & mm%i<DniM&%mm? z rc#> 

[04] 04B, aftorv-r^-JR^^JfoilfllfllOllja^aSWK^LfeHT?**. 



(20) 
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[16] i6a, m&mr i-u ?®&(D&Mmm.ft®.<nmm*t8iE-r zrctbo** v i< 
— a rc #> <d m m% & is it y & — h -z? & & 0 

[0 7] 0 7 8, M I MOlf S'XfASKiWKSLftH?**. 

[08] 088. S VD-M I MOfiI->XfAtItKESLft0TS5 o 

[09] 098, V-BLASTSS©Ifi'XfAOiS^j8^S5K:^LftiTg§„ 

[ © IB 38 ] 

[0119] 

i o -mmm 

i i ^/t/ftje* 

1 2 -S3Sft<gttiE* 

i 3 •»sffli7'>'7 t ^-M*«»ff juntmau 

1 5 -ttJItt&flFtt 

2 0 -SII 

2 i + 

2 2-^l<D^«T>7 i f-«*^|gCff?lI^ffigP 

2 3 -ffc^W 

2 4 -f^ftgP 

2 5 -Jg 2 OS«7 >^^-M»«»ff 5»JIIHJ» 




-Tsar 
-was* 



*fltt*20 



1 «*gg3 [ -*• 



SH55S9 



«2«©Ti^^-aft 



J6? 




»»Wf=*5 1 1 1 n 

— — X^I* (Preimbla lPre-trainine-ljPr«-tf»fnbg-2j 

oaa , J ' 

/ — ► 



* i 

|Pr««mbl» | Training-! [ Tr»irn'ng-2 | DATA 




1 «HMg23 f ~»- JCZ 



[0 3] 



(21) 
[ 



0 4] 
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[0 5] 



[0 6 ] 



„y .y » L y ] 

SW J 




T L ex.pUM L ) 



c 



START 



so 



sn 



S2 



S3 



S4 



S5 



S6 



S7 



c 



END 
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im 7 ] 



— ► 



[0 8] 





H=VDV H 

y=U H UDV H VX=DX 



9 ] 



"-Safe"' 


















««» i 



Training- 1 I Training— 2 



DATA 



Is&KJ* 



